pare surgical outcomes and complications in patients with and without RA who underwent surgery for spinal deformity.
methods patient population
After we obtained approval from the Johns Hopkins University (JHU) institutional review board, patients with RA and spinal deformity who underwent surgery between 2000 and 2012 by 3 surgeons at JHU were identified. Inclusion criteria were a diagnosis of RA, fusion of 7 or more spinal levels, and a diagnosis of degenerative or idiopathic scoliosis. Overall, 14 patients with RA met the inclusion criteria (Table 1) . We compared these patients (Group RA) against a cohort without RA (Group NoRA). The patients in Group NoRA were selected on the basis of a diagnosis of spinal deformity, lack of RA diagnosis, number of levels fused equivalent to that of patients in Group RA, and age similar to that of patients in Group RA. With regard to fusion level, 12 of the 14 patients in Group RA had fusion to the pelvis (1 ended at L-5, and 1 ended at L-1), whereas 13 of the 14 patients in Group NoRA had fusion to the pelvis (1 ended at L-5). We matched the patients as closely as possible according to sex, age, and levels fused. A combination of iliac crest bone graft and local autograft was used (Table 1) . Bone morphogenetic protein-2 was not used in these cases.
A retrospective evaluation of a prospectively maintained database was performed by an independent surgeon who was not involved in the initial surgery or aftercare of the patients. The data collected included patient demographics (age, sex, race, diagnosis, and comorbidities), surgical demographics (procedure type, operative time, estimated blood loss, and number of levels fused), and outcome factors (complications and need for secondary procedures). Complications were classified as major or minor according to previously published criteria. 11 We also compared the 2 groups in terms of invasiveness of the surgery, as defined by Mirza et al. 24 and elaborated by Cizik et al. 5 There were no significant differences between the groups in terms of average age, sex, race, diagnosis, type of procedure (primary vs revision), type of surgery (e.g., posterior instrumentation; Fig. 1) , estimated blood loss, number of levels fused, length of hospitalization, or length of follow-up (Table 2) . Six patients in Group RA and 8 patients in Group NoRA had anterior column support. There was only 1 notable difference between the groups in terms of demographic, surgical, or hospitalization data: Group NoRA had significantly more patients with kyphosis superimposed on degenerative scoliosis than did Group RA (7 vs 3, respectively; p < 0.02).
There were no significant differences between the groups in regard to comorbidities such as diabetes (p = 0.28) and smoking (p = 0.16). In Group RA, comorbidities included Type 2 diabetes mellitus (1 patient), hypertension (9 patients), coronary artery disease (3 patients), and current tobacco smoking (1 patient). Their RA medications included oral steroids (11 patients), disease-modifying antirheumatic medications (9 patients), and a biological disease-modifying antirheumatic medication (2 patients).
In Group NoRA, comorbidities included hypertension (8 patients), diabetes mellitus (1 patient), and current tobacco smoking (2 patients).
Statistical analysis
The nonpaired Student t-test was used for comparison of the variables. Significance was set at a p value of < 0.05, and commercially available statistical software (SAS 9.2) was used.
results major and minor complications
Significantly more major complications occurred in Group RA than in Group NoRA (23 vs 11, respectively; p < 0.001; Table 3 ). In Group RA, 2 epidural hematomas required evacuation (1 on postoperative Day 2 in 1 patient and 1 on postoperative Day 7 in another patient), and 1 patient with respiratory failure required reintubation and subsequent tracheostomy. One patient whose respiratory failure was a result of a massive pulmonary embolism died on postoperative Day 9 secondary to respiratory failure. Another patient developed a deep wound infection (Clostridium difficile), became septic, and subsequently died as a result of respiratory failure. In Group NoRA, there were 11 major complications; 6 were managed medically, and 5 were managed with secondary procedures, including irrigation and debridement of a deep wound infection, surgery for pseudarthrosis, extension of fusions for proximal junctional kyphosis, and decompression for nerve root symptoms.
There were significantly fewer minor complications in Group RA than in Group NoRA (4 vs 12, respectively; p < 0.001; Table 3 ).
Secondary procedures
Secondary procedures were required by significantly more patients in Group RA than in Group NoRA (14 vs 6, respectively; p < 0.001; Table 3 ). In Group RA, the secondary procedures included 6 reinstrumentations, 1 laminectomy, 2 epidural hematoma evacuations, and 5 irrigations and debridements for deep wound infections (serial irrigations and debridements for the same patient were counted individually). In Group NoRA, there were 2 reinstrumentations, 1 decompression, 1 irrigation and debridement for a deep wound infection, 1 extension of fusion to manage proximal junctional kyphosis, and 1 interventional radiology procedure to remove a broken central line wire.
invasiveness Score
The index of surgical invasiveness 5,24 was 35.5 for Group RA and 34.5 for Group NoRA. There was no significant difference (p = 0.8) between the 2 groups in terms of surgical invasiveness.
discussion
Abnormalities of the thoracolumbar spine in patients with RA have not been well studied. Our 13-year series of adult patients with RA who underwent thoracolumbar long fusions for spinal deformity has shown that patients with RA and spinal deformity had higher rates of major complications and secondary procedures than did patients with spinal deformity without RA. In terms of surgery duration, we did not find any differences between the 2 groups. Increased duration of surgery has been attributed to increased complications such as infection. However, in our well-matched cohort, the duration of surgery did not seem to be a factor in the higher rate of complications in Group RA. Group NoRA had a significantly higher rate of minor complications than Group RA, but these complications did not translate into longer hospital stays.
Studies in the literature that addressed the surgical treatment of patients with RA focused on strategies for treating cervical spine abnormalities. 2, 3, 6, 12, 34 The mortality rates for patients who underwent these surgeries ranged from 5% to 10%, and complication rates ranged from 19% to 39%. 3, 6 A few studies have reported elevated rates of complications in patients with RA who underwent lumbar spine surgery. For example, Crawford et al. 8 reported on 19 patients with RA who underwent instrumented posterolateral lumbar fusion, which resulted in a 37% complication rate; these complications included deep wound infections, pseudarthrosis, implant complications, and adjacent segment degeneration. Similarly, a Japanese group studying posterior lumbar interbody fusion in 7 patients with RA with severe low back pain and/or cauda equina symptoms reported 10 complications, including collapse of adjacent vertebrae, instability of adjacent levels, migration of a pedicle screw, collapse of grafted bone, and wound infections. 16 We think certain factors contribute to the high complication rates associated with surgery for spinal deformity in patients with RA. First, patients with RA are often relatively osteoporotic. Lawrence et al. 19 first identified increased osteoporosis in the lumbar spine of patients with RA in 1964. They saw osteoporosis in association with subluxation, disk narrowing without vertebral osteophytosis, and apophyseal erosions much more commonly in patients with RA than in the general population. 19 Other groups have also confirmed the presence of osteoporosis. 14, 17 It is likely that the complications related to instrumentation, such as junctional failure and pseudarthrosis, are associated with the osteoporosis. Second, patients with RA are often immunocompromised as a result of the disease and of treatment with steroids and disease-modifying antirheumatic medications. 13 In our study, 11 of 14 patients were chronically on steroids and at increased risk of secondary osteoporosis. The high risk of perioperative infections in these patients likely arises from these medications. Similarly, difficulties in wound healing can arise from the relative immunodeficiency in patients with RA. Both of these effects likely contributed to the high complication rates that we found in our study. Third, long fusions for deformity correction in adults also carry a baseline complication risk as high as 49%. 38 However, in our study, Groups RA and NoRA had similar levels fused, and Group RA still had significantly higher rates of major complications (23 vs 11, respectively) and secondary procedures (14 vs 6, respectively).
Mirza et al. 24 proposed the invasiveness index as a means of quantifying the complexity of spine procedures so that adequate comparisons between surgical procedures and other factors that are evaluated (estimated blood loss, length of surgery, and length of hospitalization) can be made. In a series of 1532 patients who had undergone spinal surgery, an invasiveness score of greater than 21 (p < 0.01) was found to be a risk factor for surgical site infection. 5 In that same study, invasiveness scores were divided into 6 groups (1-5, 6-10, 11-15, 16-20, 21-25, and > 25). The invasiveness scores in our study, 35.5 (Group RA) and 34.5 (Group NoRA), placed both groups in the most invasive surgical category. This finding is to be expected, because long-construct spinal deformity surgeries are invasive. However, no difference in the invasiveness scores of these 2 groups was present, which is indicative of a well-matched cohort.
To mitigate the increased risk of complications in spinal deformity surgery for patients with RA, we made certain changes to our presurgical and postsurgical protocols. Because most patients are chronically on steroids and have secondary osteoporosis, we recommend starting them on Teriparatide (Forteo Eli Lilly), an anabolic agent for osteoporosis, preoperatively and having them continue it postoperatively. This protocol is performed in consultation with an endocrinologist or a bone health center. We also routinely check vitamin D levels and supplement vitamin D insufficiency or deficiency preoperatively. Intraoperatively, we administer tranexamic acid (to patients with no contraindications) at the beginning of the case to decrease intraoperative blood loss. We also use intrawound vancomycin powder before incision closure to decrease the risk of postsurgical infections.
There are some limitations to our study. Health quality-of-life data, such as Scoliosis Research Society-30 and 36-Item Short Form Health Survey or visual analog scale pain scores, were not reported for our patients; we did not start collecting such outcome questionnaires until halfway through the study period. We also do not report the radiographic outcomes in our patients. Because most patients were being managed for degenerative lumbar scoliosis and stenosis, the lack of radiographic outcomes may not be as critical as it is for patients being treated for adolescent idiopathic scoliosis, for whom the primary goal is correction of the spinal deformity. It also would have been helpful if we had had baseline bone mineral density values for our patients with RA to compare with those of the patients without RA. Last, a larger number of patients with RA would have helped us to better assess the rate of complications in this group. However, even in our center, which is a high-volume spinal deformity referral center, only 14 patients with long fusions were identified over the study period. However, we believe that this matched series highlights and confirms many anecdotal findings noted by spinal deformity surgeons regarding higher complication rates in patients with RA and will help in counseling such patients who are planning to undergo spinal deformity surgery. In addition, preoperative dual-energy x-ray absorptiometry scan data for quantifying osteoporosis/osteopenia in the control and RA groups would have been useful for studying further the link between poor bone mineral density and complications. We realize that statistical significance in a small study sample is not as robust as that in a larger sample. We hope that our study provides an impetus for additional research on thoracolumbar deformity surgery in patients with RA through multi-institutional studies. The report of a recent cross-sectional prevalence study on lumbar scoliosis in Japanese patients with RA noted that 32% of them had lumbar scoliosis.
23 Dual-energy xray absorptiometry was used to diagnose the scoliosis, and increased age seemed to be a risk factor for scoliosis. Therefore, enrolling patients with RA who are undergoing thoracolumbar surgery in a multicenter manner is feasible.
conclusions
Patients with RA experience a higher rate of major complications and secondary procedures after undergoing long spinal fusion for deformity correction than do patients without RA. We suspect that the high complication rates are caused by a combination of poor bone quality and a weakened immune system. Surgeons should counsel their patients with RA and spinal deformity to make them aware that they could experience higher rates of complications and secondary procedures than patients without RA. 
